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ZKHUHSUHVVXUHVDUHKLJKO\VHQVLWLYHWRYDULDWLRQRIWKHDVVXPHGFDOLEUDWLRQSDUDPHWHUVDQGDVDPSOLQJGHVLJQWDNLQJ
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SDUDPHWHUYDOXH.LVDVVLJQHGWRDOOWKHSLSHVDVVXPLQJWKDWWKHDJHDQGPDWHULDODUHWKHVDPHIRUDOORIWKHP7KH
QHWZRUNLVSURYLGHGZLWKDFWLYHWDQNVDQGDERRVWSXPSLQJVWDWLRQ7KHZDWHULVPRVWO\VXSSOLHGIURPWKH0XVRQ
UHVHUYRLU ,Q)LJ WKH ORFDWLRQVRIGHOLYHU\SRLQWV 3& WKHQHWZRUNVXEGLYLVLRQ LQWRPRQLWRUHGGLVWULFWVDQG WKH
VSDWLDOGLVWULEXWLRQRIPHWHUHGGHPDQGVDUH VKRZQ7KH ODWWHUDUHDVVXPHG WREHXQLIRUPO\GLVWULEXWHGDORQJSLSH
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LQZDWHUXVHWKURXJKRXWWKHGD\LVQRWDWWDLQDEOHDQGWLPHDYHUDJHGYDOXHVDUHXVHGZKHQFRQWLQXRXVWLPHLQIRUPDWLRQ
DUHDYDLODEOH,QDOOVFHQDULRVWKHPRGHOUXQVLQVWHDG\VWDWHFRQGLWLRQ7KXVWKHUHVXOWRIWKHPRGHODSSOLFDWLRQGRHV
QRWSURYLGHWKHWLPHYDULDWLRQRIWKHYDULDEOHVDQGSDUDPHWHUV,QGHWDLOVWKH.YDOXHDQGWKH/VSDWLDOGLVWULEXWLRQDUH
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 7KH&DVWHOFXFFR RYHUDOO
PHWHUHGFRQVXPSWLRQIRUWKH\HDUZDVOHVVWKDQOVZKLFKPHDQVDZDWHUORVVRIDERXWOV0RUHGHWDLOHG
GDWDDUHGHULYHGIURPVXSSO\FRQVXPSWLRQEDODQFHVRQHDFKPDLQGLVWULFWEXWWKHVSDWLDOGLVWULEXWLRQRIZDWHUORVVHV
FDQRQO\EHLQIHUUHGWKURXJKDZDWHUDXGLWWHFKQLTXHWKURXJKZKLFKWKHSLSHVPRVWSURQHWROHDNDJHDUHLGHQWLILHG
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VRIWZDUHZKRVHVROXWLRQJLYHVWKHYDOXHVRI4DQG+XVHGDVPHDVXUHPHQWVLQWKHDVVLPLODWLRQSURFHGXUH7KHJRDO
RIWKHDGRSWHGVDPSOLQJGHVLJQSURFHGXUHIRUWKHUHDOFDVHDSSURDFKHGLVWKHPD[LPL]DWLRQRIWKHFDOLEUDWHGPRGHO
DFFXUDF\DQGWKHPLQLPL]DWLRQRIWRWDOVDPSOLQJGHVLJQFRVW7DQNZDWHUOHYHOVDQGIORZUDWHPHDVXUHPHQWVDWGHOLYHU\
SRLQWVDUHFROOHFWHGDVSDUWRIXVXDOPRQLWRULQJRSHUDWLRQV$OOWKHVHDYDLODEOHGDWD7&/DUHDVVLPLODWHGQRPDWWHU
WKHTXDOLW\RILQIRUPDWLRQWKH\SURYLGH$GGLWLRQDO+PHDVXUHPHQWVDUHREWDLQHGLQWKHUHDOZDWHUGLVWULEXWLRQV\VWHP
WKURXJKSUHVVXUHVHQVRUVSODFHGRQDOLPLWHGQXPEHURIQHWZRUNQRGHV

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ZKHUH WKH.YDOXH LV VDPSOHG LQ WKHyPPLQWHUYDOZKHUHDV WKH VXPRI/YDOXHV LV UHTXLUHG WR VDWLVI\ WKH
GLVFKDUJHEDODQFHRYHUHDFKQHWZRUNGLVWULFW,QWKH&DVWHOFXFFRQHWZRUNDPD[LPXPQXPEHURI+PHDVXUHPHQWV
FDQEHUHDVRQDEO\DFKLHYHGGXHWRLWV OLPLWHGH[WHQVLRQ)LJVKRZVWKHUDQNRI WKHPRVWHIIHFWLYHPHDVXUHPHQW
QRGHVLQHDFKGLVWULFWDFFRUGLQJWRWKHFURVVFRUUHODWLRQFULWHULRQ
7DEOH3LSHGLDPHWHUVDQGIUHTXHQF\FODVVHV
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7KHSHUIRUPDQFHVRIWKH(6LQUHWULHYLQJWKH/ILHOGDUHHYDOXDWHGLQGLIIHUHQWVFHQDULRVLQZKLFKWKHQXPEHURI+
PHDVXUHPHQWV LV SURJUHVVLYHO\ LQFUHDVHG DFFRUGLQJ WR WKH FURVVFRUUHODWLRQ FULWHULRQ DV GHVFULEHG LQ 7DEOH 
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QHWZRUNQRGHLVDGGLWLRQDOO\FRQVLGHUHGVFHQDULR


)LJ0HDVXUHPHQWQRGHVDFFRUGLQJWRFURVVFRUUHODWLRQFULWHULRQ(DFKQHWZRUN]RQHLVFKDUDFWHUL]HGE\DFDSLWDOOHWWHUZKHUHDVWKHQXPEHU
JLYHVWKHUDQNRYHUHDFKGLVWULFW
)URPSUHOLPLQDU\DQDO\VHVDQHQVHPEOHVL]HRILVXVHGZKHUHDVWKHYDULDWLRQFRHIILFLHQWRIWKHPHDVXUHPHQWV
LVVHWHTXDOWRIRU4DQGIRU+EDVHGRQSK\VLFDOFRQVLGHUDWLRQV
5HVXOWVDQGGLVFXVVLRQ
(6WHVWIRUXQNQRZQZDWHUORVVHVDQGSLSHURXJKQHVV
,QDILUVWDQDO\VLVERWKWKH/ILHOGDQGWKH.FRHIILFLHQWDUHFRQVLGHUHGDVXQFHUWDLQSDUDPHWHUV7KHUHVXOWVDQDO\]HG
DVPHDQDEVROXWHHUURUIRUWKHV\VWHPVWDWHYDULDEOHV+B0$(./DQGDVVXPRIUHODWLYHHUURUVIRUHDFKHVWLPDWHG.
.B6(5./DQG//B6(5./DUHUHSRUWHGLQFROXPQDQGRI7DEOHUHVSHFWLYHO\'HILQHGQDVWKHQXPEHURI
QHWZRUNQRGHVPDV WKHQXPEHURIFDOLEUDWHGSDUDPHWHUVDQG\DVDJHQHUDOQRGHYDULDEOHRUDPRGHOSDUDPHWHU
\B0$(DQG\B6(5JLYH WKHGLIIHUHQFHEHWZHHQ WKH IRUHFDVW\L DQG WKHDFWXDOǔLYDOXHDFFRUGLQJ WR WKH IROORZLQJ
HTXDWLRQV
¦¦
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:LWKUHIHUHQFHWRWKHV\VWHPVWDWHWKHPRGHOZRUNVSURSHUO\E\XVLQJRQO\7&/GDWDZHJHWWKHPRVWXQFHUWDLQ
UHVXOWZKLOHDVWKHQXPEHURIDVVLPLODWHGPHDVXUHPHQWVLQFUHDVHVWKHSUHVVXUHJDSEHWZHHQWKHHVWLPDWHGV\VWHP
VWDWHDQGWKHWUXHVROXWLRQUHGXFHVDVH[SHFWHG7KH+ILHOGHVWLPDWHLPSURYHV+B0$(./GHFUHDVHVLQFUHDVLQJWKH
QXPEHU RI DVVLPLODWHG PHDVXUHPHQWV 1HYHUWKHOHVV WKH LPSURYHPHQW UDWH REWDLQHG E\ GRXEOLQJ WKH REVHUYDWLRQ
QXPEHUIURPRQHVFHQDULRWRDQRWKHUSURJUHVVLYHO\UHGXFHVDQGEHFRPHVLUUHOHYDQWIRUPRUHWKDQPHDVXUHPHQWV
,WIROORZVWKDWDVDWLVI\LQJUHVXOWFDQEHDFKLHYHGHYHQZKHQDOLPLWHGQXPEHURIQHWZRUNQRGHVLVPRQLWRUHGLIWKH\
DUH SURSHUO\ FKRVHQ ,Q WHUPV RI/ HQKDQFHPHQW WKHPRGHO LV QRW KHOSIXO DW DOO:KLOH D OLPLWHG GHFUHDVH LQ WKH
HVWLPDWLRQRIWKH.FRHIILFLHQW.B6(5./RFFXUVWKH/B6(5./HUURUVHHPVWREHXQDIIHFWHGE\WKHPHDVXUHPHQW
LQFUHDVH,QRWKHUZRUGVWKHGHFUHDVHRIWKH+B0$(./KDVWREHPDLQO\DVFULEHGWRWKHDVVHVVPHQWRIWKHURXJKQHVV
. $ WKRURXJK DQDO\VLV RI WKH FURVVFRUUHODWLRQ PDWUL[ EHWZHHQ SDUDPHWHUV DQG YDULDEOHV UHYHDOV WKDW WKH .+
FRUUHODWLRQYDOXHVDOZD\VRYHUFRPHWKH/+RQHVPHDQLQJWKDWWKHLQIOXHQFHRI/YDULDWLRQVLVLQHIIHFWLYH
7DEOH0HDQDEVROXWHSUHVVXUHHUURU+B0$(./VXPRIWKHURXJKQHVVUHODWLYHHUURUV.B6(5./DQGVXPRIWKHZDWHUORVVHV
/B6(5./UHODWLYHHUURUVIRUXQNQRZQ/DQG.0HDQDEVROXWHSUHVVXUHHUURU+B0$(/DQGVXPRIWKHZDWHUORVVHVUHODWLYHHUURUV
/B6(5/IRUXQNQRZQ/DQGIL[HG.
6FHQDULR $VVLPLODWHGPHDVXUHPHQWV +0$(./>P@ .6(5./ /6(5./ +0$(/>P@ /6(5/
 7&/     
 7&/PHDVXUHPHQWV     
 7&/PHDVXUHPHQWV     
 7&/PHDVXUHPHQWV     
 7&/PHDVXUHPHQWV     
(6WHVWIRUXQNQRZQZDWHUORVVHVDQGIL[HGSLSHURXJKQHVV
7RHQKDQFHWKH/ILHOGDVVHVVPHQWLQWKH(6SURFHGXUHWKHVDPHVFHQDULRVWKDQEHIRUHDUHDQDO\]HGDVVXPLQJD
FRQVWDQWURXJKQHVVSDUDPHWHUVHWHTXDOWRWKHRSWLPDOYDOXHSUHYLRXVO\HVWLPDWHG. PP7KHUHVXOWVDUHUHSRUWHG
LQFROXPQVDQGRI7DEOHLQWHUPVRIPHDQDEVROXWHSUHVVXUHHUURU+B0$(/DQGVXPRIWKHZDWHUORVVHVUHODWLYH
HUURUV/B6(5/UHVSHFWLYHO\'XHWRWKHFKRLFHRIWKHRSWLPDO.YDOXH+B0$(/VKRZVDQLPSRUWDQWUHGXFWLRQUHVSHFW
WR WKH+B0$(./ FROXPQ  DQG D JHQHUDO EXW OLPLWHG LPSURYHPHQW LQ WKH+ ILHOG HVWLPDWH DV WKH QXPEHU RI
DVVLPLODWHGPHDVXUHPHQWV LQFUHDVHV2Q WKH FRQWUDU\ WKH HUURU RQ WKH GHWHUPLQDWLRQ RI WKH ORVV/B6(5/ UHPDLQV
XQFKDQJHG LQ DOO VFHQDULRV HYHQ LI LW VOLJKWO\ UHGXFHV FRPSDUHG WR WKH FRUUHVSRQGLQJ/B6(5./ VFHQDULR UHVXOWV
'LIIHUHQWUHDVRQVFRQFXUWRH[SODLQVXFKUHVXOW)LUVW WKHJRRGQHVVRIWKHLQLWLDO/ILHOGDQGWKHELQGLQJFRQGLWLRQV
LPSRVHGWKDWLVWKHDSULRULFKRLFHEDVHGRQZDWHUDXGLWDQDO\VLVRIDVXEVHWRIQHWZRUNQRGHVZKLFKDUHPRVWSURQH
WROHDNDJHDQGWKHUHTXLUHPHQWRIFRQWLQXLW\HTXDWLRQIXOILOOPHQWLQHDFKQHWZRUNGLVWULFW0RUHRYHUWKHOLPLWHGPRGHO
VHQVLWLYLW\ WR WKH FKDQJHV LQ WKH VSDWLDO GLVWULEXWLRQ RI ZDWHU ORVVHV GXH WR SHFXOLDULWLHV RI WKH V\VWHP DQDO\]HG
7KURXJKDQHWZRUNVNHOHWRQL]DWLRQWKHV\VWHPFDQEHUHFRJQL]HGDVDVLQJOHORRSZKHUHURXJKO\KDOIRIWKHHQWHULQJ
GLVFKDUJH RXWIORZV GRZQVWUHDP (YHQ LI ZDWHU ORVVHV LQ&DVWHOFXFFR QHWZRUN DUH DSSUR[LPDWHO\ WZLFH WKH ZDWHU
GHPDQGWKH\UHSUHVHQWOHVVWKDQWKHRIWKHWRWDODPRXQWRIGLVFKDUJHIORZLQJLQWKHSLSHV\VWHP2XUFRXSOHG
PRGHOZRUNVRQWKHSLH]RPHWULFSUHVVXUHFKDQJHVSURGXFHGE\GLIIHUHQWOHDNDJHVSDWLDOGLVWULEXWLRQVDQGWKHFKDQJHV
FRPSDUHGWRWKHOHDNDJHXQLIRUPGLVWULEXWLRQSURGXFHRQO\VPDOOSUHVVXUHYDULDWLRQVLQWKHH[LVWLQJSLSHJHRPHWU\
/DVWEXWQRWOHDVWGXHWRWKHXQDYDLODELOLW\RIWKHWLPHYDULDWLRQGDWDLQZDWHUGHPDQGWKHK\GUDXOLFPRGHOZRUNVLQ
VWHDG\VWDWHDQGWKHXVHRIWKH(6DVGDWDDVVLPLODWLRQWHFKQLTXHLVDQREOLJDWRU\FKRLFH7KLVPHDQVWKDWZHFDQQRW
DFFRXQWIRUWKHSUHVVXUHEHKDYLRUGXHWRWLPHIOXFWXDWLRQVEHWZHHQWKHKLJKHUDQGORZHUZDWHUGHPDQGWKDWLQDUHDO
GLVWULEXWLRQQHWZRUNFRUUHVSRQGWRWKHPLQLPXPDQGPD[LPXPOHDNDJHUHVSHFWLYHO\0RUHRYHULIWLPHYDU\LQJGDWD
ZHUHDYDLODEOHWKHXVHRIDGLIIHUHQWGDWDDVVLPLODWLRQWHFKQLTXHDVWKHHQVHPEOH.DOPDQILOWHU>@FRXOGPLWLJDWH
WKHGLIILFXOWLHVUHODWHGWRWKHODFNRIOLQHDULW\LQWKHVROXWLRQDVVHVVPHQWWKDWVHHPVWRFDXVHWURXEOHVZKHQXVLQJWKH
(6 ZLWK QRQOLQHDU PRGHOV >@ 'HVSLWH WKH GHWDLOHG LGHQWLILFDWLRQ RI OHDNDJH SRVLWLRQV WKURXJK WKH SUHVVXUH
REVHUYDWLRQVVHHPVQRWWREHSRVVLEOHLQWKHV\VWHPDQDO\]HGWKH0$(UHGXFWLRQGHPRQVWUDWHVWKHFDSDELOLW\RIWKH
(6WRFDOLEUDWHWKHPRGHO
1551 V. Ruzza et al. /  Procedia Engineering  89 ( 2014 )  1545 – 1552 
(6DSSOLFDWLRQRQWKHUHDO&DVWHOFXFFRQHWZRUNGDWD
7RDSSO\WKHFRXSOHGPRGHOWRWKHUHDOGDWDRIWKH&DVWHOFXFFRGULQNLQJZDWHUVXSSO\V\VWHPDQGWU\LQJWRLPSURYH
WKHUHVXOWVREWDLQHGIURPWKHZDWHUDXGLWLQYHVWLJDWLRQDVSHFLILFPHDVXUHPHQWFDPSDLJQKDVEHHQFDUULHGRXWLQWKH
VHFRQGKDOIRI6HSWHPEHU$SUHVVXUHVHQVRUHTXLSSHGZLWKDGDWDORJJHUZDVLQVWDOOHGIRUDERXWKRXUVLQ
HDFKQRGHUHFRUGLQJSUHVVXUHYDOXHVZLWKDVDPSOLQJWLPHODJRIPLQXWHV7KHVXUYH\KDVEHHQGHYHORSHGPRQLWRULQJ
WKHQRGHVUDQNHGE\RUGHURIUHOHYDQFHDVGHVFULEHGLQ)LJ7KLVVROXWLRQZDVPDQGDWRU\GXHWRWKHDYDLODELOLW\RI
RQO\ RQH UHFRUGLQJ GHYLFH DQG LW LV MXVWLILHG E\ WKH VWHDG\ VWDWH DVVXPSWLRQ RI WKH PRGHO GHYHORSHG )URP VSRW
PHDVXUHPHQWV GDLO\ DFKLHYHG ZLWK D SRUWDEOH SUHVVXUH PHWHU LQ DOO WKH  QRGHV ZH FKHFN WKDW PHDQ YDOXHV
FRQWLQXRXVO\UHFRUGHGLQDQ\VLQJXODUSRVLWLRQGRQRWH[KLELWVLJQLILFDQWGLIIHUHQFHVIURPRQHGD\WRDQRWKHU


)LJ(6VROXWLRQIRUOHDNDJHVSDWLDOGLVWULEXWLRQLQWKHUHDO&DVWHOFXFFRQHWZRUN*UHDWHUGRWVFRUUHVSRQGWRKLJKHUOHDNDJHYDOXHV
7KHVXUYH\VWRSSHGZKHQGLIIHUHQWSRVLWLRQVKDGEHHQPRQLWRUHGUHVXOWLQJWKHPRGHORXWSXWQRORQJHUDIIHFWHG
E\WKHLQFUHDVHRIWKHPHDVXUHPHQWSRVLWLRQV'DWDIURPWHOHPHWULFFRQWUROUHFRUGHGLQWKHVDPHVXUYH\SHULRGDUH
XVHGWRR$YHUDJHGWLPHYDOXHVDUHFDOFXODWHGIURPSUHVVXUHGDWDVHULHVERWKIURPSUHVVXUHVHQVRUDQG7&/V\VWHP
UHFRUGLQJDVVXPLQJWKHXQFHUWDLQW\RQWKHPHDVXUHPHQWVSURSRUWLRQDOWRWKHLUWLPHIOXFWXDWLRQVUHVSHFWWKHPHDQ7KH
FDOLEUDWLRQSURFHGXUHVWDUWLQJIURPDXQLIRUPVSDWLDOGLVWULEXWLRQRIOHDNDJHV/JLYHVWKHUHVXOWVUHSRUWHGLQ)LJ
$VH[SHFWHGIURPWKHUHVXOWVREWDLQHGLQWKHSUHOLPLQDU\WHVWVSHUIRUPHGRQV\QWKHWLFGDWDWKHRXWSXWRIWKHFRXSOHG
PRGHOLQWKH&DVWHOFXFFRGLVWULEXWLRQV\VWHPLVQRWDEOHWRLPSURYHLQIRUPDWLRQGHGXFHGIURPZDWHUDXGLWVXUYH\V
SURYLGLQJDQ\ZD\DUHVXOWIXOO\FRQVLVWHQWZLWKWKHVHLQIRUPDWLRQ'XHWRWKHUHDVRQVGLVFXVVHGLQWKH6HFWLRQ
VXSSRUWHGE\WKHGHYHORSHGV\QWKHWLFH[DPSOHVWKHOHDNDJHVSDWLDOGLVWULEXWLRQFRXOGQRWEHIXUWKHULPSURYHGLQWKLV
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UHDOFDVH$Q\ZD\WKHPRGHOGHPRQVWUDWHVFDSDELOLW\LQUHWULHYLQJDVSDWLDOGLVWULEXWLRQRIZDWHUOHDNDJHVDFFRUGLQJ
ZLWKWKHDYDLODEOHLQIRUPDWLRQRQWKHGLVWULEXWLRQV\VWHP
&RQFOXVLRQV
7KLVZRUNLQYHVWLJDWHGWKHSRVVLELOLW\RILPSURYLQJWKHVSDWLDOGLVWULEXWLRQRIZDWHUORVVHVLQWKHUHDO&DVWHOFXFFR
GLVWULEXWLRQV\VWHPXVLQJDGDWDDVVLPLODWLRQWHFKQLTXHWKHHQVHPEOHVPRRWKHUWRFDOLEUDWHWKHQHWZRUNK\GUDXOLF
PRGHO EHLQJ ZDWHU ORVVHV DQG URXJKQHVV FRHIILFLHQWV DVVXPHG DV XQNQRZQ $ QHZPHWKRG WR LGHQWLI\ WKHPRVW
HIIHFWLYHQHWZRUNPRQLWRULQJORFDWLRQVWRUHGXFHWKHFRVWRISLH]RPHWULFVXUYH\VLVDOVRVXJJHVWHG7KH&DVWHOFXFFR
GLVFKDUJHDQGSUHVVXUHGLVWULEXWLRQGDWDDUHGHGXFHGIURPWHOHPHWULFFRQWUROV\VWHPVUHFRUGLQJDQGGDWDFROOHFWHGLQ
DILHOGVXUYH\DGKRFGHYHORSHGEHLQJDOOWKHLQIRUPDWLRQRQWKHSK\VLFDOIHDWXUHVRIWKHQHWZRUNSURYLGHGE\WKH$OWR
7UHYLJLDQR 6HUYL]L VUO WKH ZDWHU XWLOLW\ GHYRWHG WR WKH QHWZRUN PDQDJHPHQW 'HVSLWH WKH HIIHFWLYHQHVV RI WKH
SURSRVHG DSSURDFK LQ WKH K\GUDXOLF PRGHO FDOLEUDWLRQ LV GHPRQVWUDWHG XVLQJ V\QWKHWLF GDWD LQ WKH UHDO FDVH QR
VLJQLILFDQW LPSURYHPHQW LQ WKHDVVHVVPHQWRI WKHVSDWLDOGLVWULEXWLRQRIZDWHU ORVVHV LVREWDLQHGIRUUHVSHFWLQJ WKH
LQIRUPDWLRQGHGXFHGIURPWKHZDWHUDXGLWDQDO\VLV7KHQXPHULFDOH[SHULPHQWVGHYHORSHGRQWKHQHWZRUNXVLQJD
V\QWKHWLFGLVWULEXWLRQRIZDWHUOHDNDJHVVXJJHVWWKDWWKHLQDELOLW\WRLPSURYHWKHDYDLODEOHLQIRUPDWLRQGHSHQGVRQWKH
VSHFLILFIHDWXUHVRIWKHQHWZRUNLQWHUPRIWRSRORJ\DQGIORZGLVFKDUJHDVZHOODVRQWKHODFNRIWHPSRUDOHYROXWLRQ
RIZDWHU GHPDQG WKDW IRUFHV WR WKH VWHDG\ VWDWH DQDO\VLV RI WKH UHDO FDVH$Q\ZD\ WKH FRXSOLQJEHWZHHQ QHWZRUN
VLPXODWLRQ PRGHOV DQG GDWD DVVLPLODWLRQ WHFKQLTXHV GHPRQVWUDWHV WR EH D SURPLVLQJ WRRO IRU WKH FDOLEUDWLRQ RI
GLVWULEXWLRQQHWZRUNVDIIHFWHGE\XQFHUWDLQW\LQWKHURXJKQHVVDQGIORZUDWHGLVWULEXWLRQ7KLVWRROFHUWDLQO\GHVHUYHV
IXUWKHULQYHVWLJDWLRQ
$FNQRZOHGJHPHQWV
:HWKDQN$OWR7UHYLJLDQR6HUYL]LVUOIRUWKHGDWDFRQFHUQLQJWKH&DVWHOFXFFRGLVWULEXWLRQV\VWHPDQGIRUWKHVXSSRUW
,QSDUWLFXODUZHWKDQN(QJ3DROR3L]]DLDDQG(QJ(QULFD3DJQLQIRUWKHLUKHOSDERXWWKHSK\VLFDOGHVFULSWLRQRIWKH
QHWZRUN
5HIHUHQFHV
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&RQIHUHQFH:DJJD:DJJD$XVWUDOLD
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>@$)LRULQL0RURVLQL39HOWUL)&RVWDQ]R'6DYLF,GHQWLILFDWLRQRIOHDNDJHVE\FDOLEUDWLRQRI:'6PRGHOV3URFHGLD(QJLQHHULQJ

>@53pUH]93XLJ0HWKRGRORJ\IRUOHDNDJHLVRODWLRQXVLQJSUHVVXUHVHQVLWLYLW\DQDO\VLVLQZDWHUGLVWULEXWLRQQHWZRUNV&RQWURO(QJ3UDFW

>@*(YHQVHQ7KH(QVHPEOH.DOPDQ)LOWHUIRU&RPELQHG6WDWHDQG3DUDPHWHU(VWLPDWLRQ0RQWH&DUOR7HFKQLTXHVIRU'DWD$VVLPLODWLRQLQ
/DUJH6\VWHPV,(((&RQWU6\VW0DJSS
>@/$5RVVPDQ(3$1(78VHU¶V0DQXDO&LQFLQQDWL2KLR86$86(3$
>@=6.DSHODQ'$6DYLF*$:DOWHUV0XOWLREMHFWLYH6DPSOLQJ'HVLJQIRU:DWHU'LVWULEXWLRQ0RGHO&DOLEUDWLRQ-:DWHU5HVRXU3OQJDQG
0JPW
>@70:DOVN\0DOH-:0DLQWHQDQFHDQGUHKDELOLWDWLRQUHSODFHPHQWLQ:DWHUGLVWULEXWLRQV\VWHPKDQGERRN/:0D\VSS7HPSH
$UL]RQD0F*UDZ+LOO
>@&;X,&*RXOWHU3UREDELOLVWLFPRGHOIRUZDWHUGLVWULEXWLRQUHOLDELOLW\-:DWHU5HVRXU3OQJDQG0JPW
>@5%DLOH\'%D~(QVHPEOHVPRRWKHUDVVLPLODWLRQRIK\GUDXOLFKHDGDQGUHWXUQIORZGDWDWRHVWLPDWHK\GUDXOLFFRQGXFWLYLW\GLVWULEXWLRQ
:DWHU5HVRXU5HV:
>@(&UHVWDQL0&DPSRUHVH'%D~36DODQGLQ(QVHPEOH.DOPDQILOWHUYHUVXVHQVHPEOHVPRRWKHUIRUDVVHVVLQJK\GUDXOLFFRQGXFWLYLW\YLD
WUDFHUWHVWGDWDDVVLPLODWLRQ+\GURO(DUWK6\VW6FL

